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Summary
The new RHRM methodology and code is designed for use as a management-focused decision analysis tool to examine "accelerated cleanup" and alternative mitigation approaches, from a human health risk basis. The original RHRM methodology, developed for the Center for Risk Excellence (CRE) by PNNL, was developed to provide graphics depicting the change in hazard and risk over time for the DOE complex-wide risk profiles being developed by the CRE. The original RHRM methodology has been upgraded considerably to focus on this broader application and use. The upgrades include 1) revised health measure (HM) parameter tables to better represent the potential impact to individuals by each transport route. 2) revised definition, use, and evaluation of the hazard control (HC) factors to better represent the physical environments being modeled. 3) improved methods of incorporation and representation of the waste processing and disposal actions as flow streams for evaluation by RHRM. 4) improved guidance on the selection of hazard likelihood values needed to estimate the risk measure. and 5) improved guidance on the selection of parameter values for evaluating the release potential for waste storage, handling, and treatment configurations (i.e., release-exposure scenarios). The tool has also been set in a basic web-based format and now has the capability of using the PNNL developed FRAMES model integration tool for more flexibility with input data and linking to a host of fate and transport and risk models.
The RHRM equations, as represented in methodology and code presented in this report, are primarily a collection of key factors normally used in risk assessment that are relevant to understanding the hazards and risks associated with projected mitigation, cleanup, and risk management activities. The RHRM code has broad application potential. For example, it can be used to compare one mitigation, cleanup, or risk management activity with another, instead of just comparing it to just the fixed baseline. If the appropriate source term data are available, it can be used in its non-ratio form to estimate absolute values of the associated controlling hazards and risks. These estimated values of controlling hazards and risks can then be examined to help understand which mitigation, cleanup, or risk management activities are addressing the higher hazard conditions and risk reduction potential at a site. Graphics can be generated from these absolute controlling hazard and risk values to graphically compare these high hazard and risk reduction potential conditions. If the RHRM code is used in this manner, care must be taken to specifically define and qualify (e.g., identify which factors were considered and which ones tended to drive the hazard and risk estimates) the resultant absolute controlling hazard and risk values. v
Introduction
In February 1997, the Department of Energy (DOE) Center for Risk Excellence (CRE) was created and charged as a technical, field-based partner to the Office of Science and Risk Policy (EM-52). One of the initial charges to the CRE was to assist DOE sites in the development of "site risk profiles."" These profiles were to be relatively short summaries (periodically updated) that present a broad perspective on the major risk related challenges that face the respective site. The risk profiles were intended to serve as a management-level communication tool for interested internal and external parties to enhance the understanding of these risk-related challenges. The risk profiles focused on the presentation of the following information: 1) a brief overview of the site, 2) a brief discussion on the historical mission of the site, 3) a quote from the site manager indicating the site's commitment to risk management, 4) a listing of the site's top risk-related challenges, 5) a brief discussion and detailed table presenting the site's current risk picture, 6) a brief discussion and detailed table presenting the site's future risk reduction picture, and 7) graphic illustrations of the projected management of the relative hazards at the site. During fiscal year 1998, risk profiles that used the methodology discussed in this report were developed for the Richland Operations Office (DOE, 1998a) , Nevada Operations Office (DOE, 1998b) , Rocky Flats Field Office (DOE, 1998c) , Savannah River Operations Office (DOE, 1998d) , and Albuquerque Operations Office (DOE, 1998e) .
The relative hazard (RH) reduction graphic illustrations were included to provide the reader of the risk profiles with a management-level mental picture to associate with the qualitative information presented in the risk profile. Inclusion of the relative hazard profile graphics presented the CRE with the challenge of how to fold the management-level qualitative risk information into a system to produce quantitative results that would depict the relative change in hazard associated with each major environmental cleanup or risk management action so it could be tracked graphically. Thus, the initial RH equation and methodology was developed that rolled up the factors normally considered in hazard and risk assessments to produce a "management level" hazard assessment capability that tracked controlling parameters and scenarios and produced a profile of the hazards as they changed over time due to mitigation and cleanup actions. In the perspective of a routine risk assessment, the RH is a measure of the consequences associated with a probability of one for the controlling constituents and scenarios.
The risk measure aspect was added as the result of feedback and technical support provided by the Savannah River Site (SRS) Citizen Advisory Board (CAB). The CAB felt that it was not only important to track the change in hazard over time, but that it was equally important to track the maintenance of acceptable risk of the operation and facility over time while the hazard was being managed and ultimately reduced. The Risk Measure (RM) is related to the relative hazard by the frequency of a release event for the operation or activity. The RM is calculated in a manner similar to the relative hazard by using an additional hazard likelihood (HL) factor to the relative hazard equation. The hazard likelihood is represented as the expected frequency of the event that results in release of a contaminant to the environment.
Use of the RHRM methodology progressed from simply using it to produce the risk profiles to using it as a management-focused decision analysis tool to examine "accelerated cleanup" and alternative approaches from a human health risk basis. In using the methodology as a risk-based management decision analysis tool, it became clear that it needed to be made more user-friendly, web-based, and upgraded to provide more clarity in the selection and use of input parameters. Since the CRE has been eliminated, due to DOE restructuring, and use of the tool has shifted more in the support of DOE operations office-based programs and site contractors, a proposal was submitted to and awarded by the PNNL LDRD program for upgrading the existing RHRM methodology. The upgrades include 1) revised health measure (HM) parameter tables to better represent the potential impact to individuals by each transport route. 2) revised definition, use, and evaluation of the hazard control (HC) factors to better represent the physical environments being modeled. 3) improved methods of incorporation and representation of the waste processing and disposal actions as flow streams for evaluation by RHRM. 4) improved guidance on the selection of hazard likelihood values needed to estimate the risk measure. and 5) improved guidance on the selection of parameter values for evaluating the release potential for waste storage, handling, and treatment configurations (i.e., release-exposure scenarios). The tool has also been set in a web-based format and now has the capability of using the PNNL developed FRAMES model integration tool for more flexibility with input data and linking to a host of fate and transport and risk models.
The term "controlling constituent" is used often in this document. Controlling constituents are those radionuclides and hazardous chemicals in a particular waste type that tend to control the impact or hazardousness of the consequence(s) associated with the waste material. That is, they are the radionuclides and hazardous chemicals that tend to drive the health concern over the need to control the waste material. In the analysis methods discussed in this document, it is advantageous to limit the number of controlling constituents to as few as possible and still adequately represent the hazardousness of the waste material. In most risk assessments there are usually just one or two constituents that tend to drive the risk. It is these constituents that we are calling "controlling constituents."
Relative Hazard Calculation
The original methodology evaluated the RH value on an annual basis. Material was considered "in process" or "in storage" for the entire year. Material moving from process to storage during the year was considered "in process" for the entire year, then changed to "in storage" at the start of the next year. Experience in using the RHRM methodology has shown that this is often not as accurately representative of actual disposition planning as desired. The original RH methodology was revised to allow RH (and RM) to be evaluated for a material processed and stored (in a before-and-after state) during the same year.
The evaluation of relative hazard from a material now includes consideration of the time during which the material is in each state during a year. Also, multiple material forms are now considered in the evaluation of annual RH values. The following revisions were made to the RH methodology to include consideration of the total time during a year that the material is in each state (i.e., stored or in processing). For practical purposes, the maximum number of states is limited. Q cct = quantity of the controlling constituents (radionuclides, in curies and hazardous chemicals, in kilograms) at time t (i.e., time when specified risk management action is completed) Q cct0 = quantity of the controlling constituents (radionuclides, in curies and hazardous chemicals, in kilograms) at time t0 (i.e., the original baseline or starting time)
RF cct = fraction of controlling constituent quantity that is releasable to the controlling pathway at time t RF cct0 = fraction of the controlling constituent quantity that is releasable to the controlling pathway at time t0 HM cct = hazard measure factor for controlling constituent and controlling pathway at time t (hazard measure factors from look-up tables) HM cct0 = hazard measure factor for controlling constituent and controlling pathway at time t0 (hazard measure factors from look-up tables)
HC cct = hazard control factor for risk management control action specific at time t (hazard control factors may be estimated from site risk data or approximated using supplied look-up tables) HC cct0 = hazard control factor for risk management control action specific at time t0 (hazard control factors may be estimated from site risk data or approximated using supplied look-up tables) n = number of controlling constituents.
The original equation was written with time as a general parameter. This necessitated implementation to be limited to 1-year time periods: results could only be presented on an annual basis, which was fine for the original hazard and risk profile purposes. However, expanded management applications of the methodology necessitated accounting for specific material-state time periods. Thus, the RH (and RM equation, see Section 3) equation was modified to explicitly represent each material state involved in each year of the analysis. An additional parameter was added to the numerator of the equation to account for the fraction of a year that the material is in each state. If the assumption is made in an application that the initial condition involves only storage of material in the initial state, for example, then the time factors will simply be unity.
The original equation was based on the hazardous material being represented as an analyte (e.g., 239 Pu). The revised equation is based on material states with the analyte as a sub-component of the material. The revised RH (and RM) equation includes the following parameterizations:
Time: each evaluation is performed for a one year period, with the results applied at the end of the year.
Material state: all material states involved in the current year are analyzed. The fraction of the year that a material is in each state must be defined.
Analyte: each material is composed of one or more hazardous analytes. These analytes determine the nature of the hazard associated with the material. The hazard measure (HM) values are based on the analyte properties.
The revised RH equation includes the summation over material types as shown in the equation below. In the revised equation, the original subscript for contaminant of concern (cc) has been simplified to one letter (c) and a new index for material "m" has been added. where Q cmt = quantity of the controlling constituents (radionuclides, in curies and hazardous chemicals, in kilograms) for material state m, at time t (i.e., time when specified risk management action is completed) Q cmt0 = quantity of the controlling constituents (radionuclides, in curies and hazardous chemicals, in kilograms) in material state m, at time t0 (i.e., the original baseline or starting time)
F mt = fraction of time that the material is in state m during time t F m0 = fraction of time that the material is in state m at the initial time RF cmt = fraction of controlling constituent quantity in material state m, that is releasable to the controlling pathway at time t RF cmt0 = fraction of the controlling constituent quantity in material state m, that is releasable to the controlling pathway at time t0 HM ct = hazard measure factor for controlling constituent and controlling pathway at time t (hazard measure factors from look-up tables) HM ct0 = hazard measure factor for controlling constituent and controlling pathway at time t0 (hazard measure factors from look-up tables)
HC cmt = hazard control factor for risk management control action specific at time t for material state m (hazard control factors may be estimated from site risk data or approximated using supplied look-up tables) HC cmt0 = hazard control factor for risk management control action specific at time t0 for material state m (hazard control factors may be estimated from site risk data or approximated using supplied look-up tables) M = number of material states n = number of controlling constituents.
In the revised equation, the new summation is over material states. For the base case (time zero), only those states that are initially present (e.g. storage states) are included in the analysis because the time factors, F m0 , for other states are zero. The initial time factors for the included states, F m0 , are assigned a value of 1.0. Another change has been to add dependence on material state to the HC parameters because the location of the material can influence the HC factor.
Implementation changes
Implementation of the original RHRM equations involved reading PROCESS keywords defining actions taken that change the state of materials. The initial and final states were defined, and then the fraction of the initial state that changed was given, followed by the duration of the period over which the change occurs. The assumption was made that the change occurred uniformly over the time period. The times were in multiples of 1 year. This representation was updated to account for processing that occurs within one year, so that the final state (e.g., a second storage state) and all intermediate processing states are included in the analysis during the current year.
The following is an example of the kinds of one year of disposition activity that involves processing. It should be noted that the sum of time fractions could be less than one if material is transported offsite and the analysis is only to include consideration of onsite material.
The RH associated with the processing operation (material state 2 in the above example) would be assigned to the entire time period out of storage. This should be a reasonable assumption because materials are usually kept in storage when not being processed.
The RHRM FORTRAN code was revised to implement the revised equation to better represent the processing of material as a function of time as it goes through the various material states.
Initial material states are required for evaluation of the denominator in the RH equation. No processing is involved in the initial material states. In the RHRM code, processing is represented using the PROCESS keyword records read from the processing keyword file. Each PROCESS keyword record defines an initial and final state, the time period of processing, and the fraction of the initial material that is processed during the time period. The final state represents the material state while being processed. A subsequent PROECSS keyword record is required to move the material from the processing state to the next material storage state. This representation has resulted in the need to do significant prior analyses to determine the correct representation and processing fractions for each PROCESS keyword record. The goal of the current revision is to develop a simpler method to represent the changes in material state with time so prior analyses are not necessary.
In the RHRM code, the SCOPE keyword record is used to define all material states to be included in the analysis and the amount of material initially present in the material states. The amount on the SCOPE record is the total kg of material. The concentration of each analyte in the material is defined on MATERIAL keyword records. For example, the MATERIAL keyword record will provide the Ci/kg of each radionuclide in the material.
Relation of RHRM code parameters to the RH equation
The quantity of an analyte in a material state at time t (Q cmt ) is represented as the product of the amount of material present in the material state in time period t (1 calendar year) and the concentration of the analyte in the material, with correction for decay as necessary. The relative hazard considers this quantity of material and the time (F mt ) it is in each state during the year. The product of Q cmt and F mt is the basis for determining the relative hazard during period t for material m and analyte c, as indicated in the above example.
The amount of material present in the material state is not explicitly represented in the RH equation, but must be determined in the RHRM code implementation of the equation. This is the basis for the change in RH with time. The initial material present (time zero) is provided in the SCOPE keyword records.
Revised Processing Algorithm
A revised processing algorithm was developed for the RHRM code to better represent the time change of material in each material state. This was necessary to implement the change in the RH equation described above where the time fraction parameter, F mt , has been added to the analysis.
Quantity (Q) Data
The best available site-specific quantity data should be used when calculating the RH ratios. In order for the RH ratios to be comparable across the different waste types, the quantity data should be specific to each controlling constituent and should be provided in units of curies for radionuclides or kilograms for hazardous chemicals. If exact amounts of each controlling constituent are not available, rough estimates of the fraction of each controlling constituent contained in the total waste quantity can be made. These fractions can then be used to adjust the total waste quantity to estimate the quantity of each respective controlling constituent. If controlling constituent quantity data in curies (radionuclides) or kilograms (hazardous chemicals) are just not available and it is not possible to estimate the fractions of each controlling constituent in the total waste quantity, the total waste quantity of each waste type can be used as a rough surrogate, as long as the units of this quantity remain the same through out the analysis of the respective waste type. However, this will generally make the RH result non-comparable across waste types and may not provide very accurate RH ratios for risk management actions that involve treatment of the controlling constituent(s).
Release Fraction (RF)
In some cases, the total quantity of a controlling constituent is not all releasable to the controlling exposure pathway (i.e., dominant exposure pathway) of concern. In these cases, a release fraction (i.e., the fraction of the total quantity of the controlling constituent that is releasable to the controlling pathway) should be provided for use in the RH equation to adjust the quantity, so that only the fraction of the controlling constituent quantity that can actually be released to the exposure pathway is considered. If all of the controlling constituent quantities are available for release to the controlling exposure pathway, which is true for many waste type situations, simply assign the RF factor a "1."
Hazard Measure (HM) Factors
The HM considers the inherent toxicity or carcinogenic potential of the controlling contaminant(s) identified, as well as its potential to expose members of the public through various exposure pathways. Because constituent HMs are determined a priori, HM, along with Q, is probably one of the least subjective of the RH equation factors. HM factor look-up tables are provided.
Radionuclides
The HM for radionuclides can be considered similar to an exposure pathway-specific dose factor, although the modeling is not detailed enough to provide an absolute dose estimate. The basis for determining the HM for radionuclides was original1y developed for the Modified Hazard Ranking System (MHRS). The MHRS was developed to work within the framework of the EPA's Hazard Ranking System (HRS) (FR 31219-31243) , but also to provide a more appropriate treatment of radionuclides in ranking mixed waste sites for the National Priority List (NPL) under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). Radionuclides are evaluated under three potential exposure pathways: air, surface water, and groundwater.
The MHRS was designed for generic application anywhere the EPA HRS could be used, included a limited suite of radionuclides, and used the ICRP Publication 2 (ICRP 1959) critical organ concept in assigning a potential hazard ranking to radionuclides. While the general concept used in the MHRS was retained, several enhancements were made to the HM factors presented for use in the RH calculations. Additional radionuclides are included, although, like the MHRS-based HM factors, the RH-based HM factors are generally limited to those radionuclides with a half-life of 1 year or greater, unless they were specifically noted as being potentially important in one of the specific waste materials considered. The dose calculation methodology was updated to ICRP Publication 30 (ICRP 1979) , using the GENII computer codes (Napier et al. 1988a; 1988b; 1988c) to perform updated calculations for the five exposure pathways. Radionuclide HMs are now based upon effective dose equivalent (EDE) rather than critical organ dose. The methodology used to produce the RH-based HM values used default inputs of the GENII code, and, for the groundwater exposure pathway, used groundwater transfer partition coefficients (K d ) from Serne and Wood (1990) .
Like the MHRS-based factors, the RH-based HM factors are based upon near-field scenarios. In a nearfield scenario, interest is focused on the doses an individual could receive at a particular location as a result of initial contamination or external sources (i.e., buried solid waste, contaminated soil, contaminated water, or contamination in air). This differs from a far-field scenario, defined as determining impacts of a particular release of radioactive or hazardous material into a wide environment, such as the dose from releases from a stack to individuals or populations downwind. Near-field assumptions were used, since the only basic difference between near-field and far-field scenarios is dilution. In an RH analysis, the affect of dilution distance is accounted for in the Hazard Control (HC) parameter associated with relocation of material further from a receptor.
Descriptions of the exposure assumptions and radionuclide categories for each of the three exposure pathways are provided in the sections below, along with the respective HM factor look-up tables. In each exposure pathway table, radionuclides are categorized by the approximate dose received per unit concentration.
Air Exposure Pathway
This is a chronic exposure pathway that primarily poses long-term, large-scale risks to the public. Assumptions are that the exposed individual 1) lives continuously in contaminated air (chronic inhalation), 2) is continuously exposed to external radiation from radionuclides deposited on the ground surface, and 3) is continuously immersed in the airborne radioactive plume. The values of the HM factor for the air exposure pathway are given in Table 2 .1 for selected radionuclide exposures to the public and Table 2 .2 for selected radionuclide exposures to workers.
Surface Water Exposure Pathway
This is a chronic exposure pathway that primarily poses long-term risks to public users of local surface water sources. Assumptions are that the exposed individual 1) eats food irrigated with contaminated surface water at an irrigation rate of 150 L/m 2 /mo for 6 mo/yr, 2) eats fish from the contaminated water, 3) is exposed to external radiation from contaminated sediments along the bank, and 4) gets drinking water from the contaminated surface water. Resuspension of external radiation from radionuclides deposited on the soil from irrigation are not considered. The values of the HM factor for the surface-water exposure pathway are given in Table 2 .1 for selected radionuclide exposures to the public and Table 2 .2 for selected radionuclide exposures to workers.
Groundwater Exposure Pathway
This is a chronic exposure pathway that primarily poses long-term risks to public users of the local surface water sources. Groundwater is assumed to connect with surface water through infiltration, and exposure is via the surface water exposure pathway. No direct groundwater exposure via groundwater wells is assumed. Assumptions are that the exposed individual 1) eats food irrigated with surface water contaminated via connection with groundwater at an irrigation rate of 150 L/m 2 /mo for 6 mo/yr, 2) eats fish from the contaminated water, 3) is exposed to external radiation from contaminated sediments along the bank, and 4) gets drinking water from the contaminated surface water. Resuspension of external radiation from radionuclides deposited on the soil from irrigation is not considered.
The groundwater-to-surface-water exposure pathway radionuclide categories were adjusted for the tendency of radionuclides to adsorb to soil particles (partition coefficient, Kd) during groundwater transport. Partition coefficients were obtained (Serne and Wood 1990 ) and converted to groundwater transfer coefficients from 1 to 100 (Hawley and Napier 1985; Hawley et al. 1986 ) to be consistent with the multiplicative RH strategy. The Kd values used for each radionuclide and the derived groundwater transfer coefficients are shown in Table 2 .3. The HM factor for groundwater does not consider the time it takes the radionuclide to move through the vadose zone to the saturated zone and to a point where it could fit the near-field scenario. The values of the HM factor for the groundwater exposure pathway are given in Table 2 .1 for selected radionuclide exposures to the public and Table 2 .2 for selected radionuclide exposures to workers. 
Hazardous Chemicals
The methodology used to produce the RH-based HM values for chemicals used the PNNL developed Multimedia Environmental Pollutant Assessment System (MEPAS) code and default inputs of the MEPAS code, and, for the groundwater exposure pathway, used groundwater transfer partition coefficients (K d ) from Serne and Wood, 1990 .
The RH-based HM factors are based on near-field scenarios. In a near-field scenario, interest is focused on the doses an individual could receive at a particular location as a result of initial contamination or external sources (i.e., buried solid waste, contaminated soil, contaminated water, or contamination in air). This differs from a far-field scenario, defined as determining impacts of a particular release of hazardous material into a wide environment, such as the dose from releases from a stack to individuals or populations downwind. Near-field assumptions were used, since the only basic difference between near-field and far-field scenarios is dilution. In an RH analysis, the affect of dilution distance is accounted for in the Hazard Control (HC) parameter associated with relocation of material further from a receptor.
Descriptions of the exposure assumptions and hazardous chemical categories for each of the three exposure pathways are provided in the sections below, along with the respective HM factor look-up tables.
Air Exposure Pathway
This is a chronic exposure pathway that primarily poses long-term, large-scale risks to the public. Assumptions are that the exposed individual 1) lives continuously in contaminated air (chronic inhalation), 2) is continuously exposed to hazardous chemicals deposited on the ground surface, and 3) is continuously immersed in the airborne hazardous chemical plume. The values of the HM factor for the air exposure pathway are given in Table 2 .4 for selected hazardous chemical exposures to the public and Table 2 .5 for selected hazardous chemical exposures to workers.
Surface Water Exposure Pathway
This is a chronic exposure pathway that primarily poses long-term risks to public users of local surface water sources. Assumptions are that the exposed individual 1) eats food irrigated with contaminated surface water at an irrigation rate of 150 L/m 2 /mo for 6 mo/yr, 2) eats fish from the contaminated water, 3) is exposed to contaminated sediments along the bank, and 4) gets drinking water from the contaminated surface water. Resuspension of external hazardous chemicals deposited on the soil from irrigation is not considered. The values of the HM factor for the surface water exposure pathway are given in Table 2 .4 for selected hazardous chemical exposures to the public and Table 2 .5 for selected hazardous chemical exposures to workers.
Groundwater Exposure Pathway
This is a chronic exposure pathway that primarily poses long-term risks to public users of the local surface water sources. Groundwater is assumed to connect with surface water through infiltration, and exposure is via the surface water exposure pathway. No direct groundwater exposure via groundwater wells is assumed. Assumptions are that the exposed individual 1) eats food irrigated with surface water contaminated via connection with groundwater at an irrigation rate of 150 L/m 2 /mo for 6 mo/yr, 2) eats fish from the contaminated water, 3) is exposed to contaminated sediments along the bank, and 4) gets drinking water from the contaminated surface water. Resuspension of hazardous chemicals deposited on the soil from irrigation is not considered. The values of the HM factor for the groundwater exposure pathway are given in Table 2 .4 for selected hazardous chemical exposures to the public and Table 2 .5 for selected hazardous chemical exposures to workers. 
Hazard Control Factors
The Hazard Control (HC) factors represent the worth, in terms of reduction in hazard, of specific risk management actions. These actions include risk management activities such as vitrification or grouting of waste materials; separation, reduction or removal of specific constituents from a waste stream; relocation of waste material away from receptors or vulnerable pathways; repackaging or stabilization of waste material.
In calculating the relative hazard (RH) of a waste type at a site, these HC factors should be estimated from existing risk assessment data, where possible. In many cases there will be specific risk assessments for which generalizations can be made to roughly estimate the worth of a specific risk management action. Often there are risk estimates for specified accident conditions in a Safety Analysis Report (SAR) or safety basis document that can be examined to get a rough estimate of the worth of a specific action. In cases where no such risk assessment data are available, HC look-up tables are provided to use in estimating the HC factor.
The HC factor is used to assess changes in the relative hazard of a contaminant or waste based on changes in its physical condition or location due to waste management or environmental restoration actions. The HC factor for a specific hazard reduction measure (e.g., capping) represents the reduction in hazard associated with that measure (i.e., the post-action hazard divided by the pre-action hazard). This factor, in conjunction with the other factors representing contaminant inventory and the nature of the contaminant and potential contaminant exposure mechanism, allows the evaluation of the potential reduction in hazard associated with a variety of potential waste management or environmental restoration actions.
Hazard vs. Risk
The term "hazard" as used here relates to potential health effects associated with a contaminant or waste material, assuming that it is already released to the environment. In contrast, the estimates of risk that are typically used to assess the need for or effectiveness of potential environmental restoration or waste management activities are computed taking into account both potential health effects (i.e., hazard) and the likelihood or probability of contaminant release and subsequent exposure. In simple terms, hazard and risk are related as follows: Risk = Probability of Release or Exposure × Hazard Therefore, the term hazard as used here relates only to the intrinsic danger to health that would be posed by the contaminant or waste material in the environment in its current physical form and location. Changes in physical form or location of a contaminant or waste that alter its hazard can also change its associated risk. However, it is not necessarily true that that a contaminant or waste with a relatively high hazard poses a high risk in the sense that is usually discussed in risk assessments.
This relationship between risk and hazard can be used to facilitate calculating HCs. If the risks are compared for a contaminant or waste in alternative physical conditions or locations, but having the same probability of release or exposure, the relative hazards posed by those alternative conditions or locations are related in the same proportion as the relative risks.
Therefore, using standard risk estimating techniques in a manner that makes the probability of release or exposure constant allows direct estimation of the change in hazard associated with potential waste management or environmental restoration actions. The simplest way to "fix" the probability of release or exposure is to assume that the contaminant or waste has already been released. This is the approach that was used to estimate the changes in hazard (i.e., HCs) discussed in the following sections.
Factors Affecting the HC
Five aspects of a contaminant or waste that have significant impacts relative to assessing its hazard are described in the following sections.
Toxicity or Radiological Nature
A contaminant's toxic or radiological characteristics determine the severity of its health effects when exposure occurs. Differences among contaminants in this regard are accounted for in the health effects data used in risk assessment methodologies. While typical waste management or environmental restoration activities may affect the amount of contaminant present, they don't generally affect its toxic or radiological nature. Therefore, this aspect of potential hazard is not addressed in assessing HCs for such actions. However, since this factor affects hazard, but not HCs, this aspect of hazard is addressed by the HM factor in the relative hazard calculation.
Chemical Nature
The second key aspect of a contaminant affecting its hazard, or the impact of hazard control measures on it, is its chemical nature. Organic and inorganic contaminants generally behave differently both in their environmental transport and their response to treatment. In addition, the hazard associated with a radioactive element changes spontaneously as it decays.
Mobility
A third aspect of a contaminant or waste affecting its hazard is its mobility in the environment. Contaminants that move more readily through the environment are more likely transport to off-site receptors and thereby pose health risks to those receptors than those that are relatively immobile. In addition, slow transport of radioactive elements allows time for these contaminants to decay prior to exposing receptors.
Physical Form
The physical form of a contaminant or waste has a significant impact on its hazard. The physical form of a contaminant or waste affects its availability for transport (i.e., the rate at which it is released). For example, liquid wastes are generally easier to transport than solid wastes, and are therefore more hazardous. In addition, solid waste that has been treated to immobilize contaminants (e.g., cemented or vitrified) allows contaminants to be released more slowly for transport and is therefore less hazardous.
Location
The final aspect of a contaminant or waste that affects its hazard is its location. A contaminant released to the environment in an isolated location with long transport pathways to receptors is intrinsically less hazardous than the same contaminant in a location that allows rapid transport of it to receptors. In addition, the hazard reduction associated with a waste management or environmental restoration action will vary depending on the waste's location.
Approach for Estimating HCs
Calculating site-specific HCs for a variety of potential waste management or environmental restoration actions requires taking all these considerations into account. The approach used here is to compare the calculated risks for site-specific conditions before and after such actions are taken to infer the corresponding reduction in hazard, as suggested by the relationship between risk and hazard discussed above. Such risk calculations can be performed with any risk calculation methodology that allows parametric variation of the key parameters discussed above. For the illustrative calculations discussed below, the Remedial Action Assessment System (RAAS) was used (Bagaasen et al. 1996) . RAAS was developed by PNNL for DOE as an analytical tool for defining and evaluating alternative remedial action strategies for DOE waste sites. The RAAS methodology is useful for this sort of analysis because it allows direct variation of the key waste form and waste location parameters described above.
RAAS includes elements of the Multimedia Environmental Pollutant Assessment System (MEPAS) (Droopo et al. 1989) for calculating risk for the maximum exposed individual (MEI) as a result of transport of contaminants to potential receptors. As discussed above, comparison of these MEI risks as key waste form or location factors are varied allows calculation of the corresponding HC.
Waste Form Variations
Four different waste forms were analyzed in the following illustrations: liquid waste, soil waste, cemented or grouted waste, and vitrified waste. These classifications represent the most likely forms that will be encountered in assessing hazard reduction measures, and many of the key hazard reduction measures result in a transition from one of these physical states to another.
The relative hazards associated with these states were calculated by comparing the risk associated with equivalent amounts of contaminant already released to the environment in these states. For the solid waste forms (soil waste, cemented or grout wastes, and vitrified waste), in-situ wastes of the corresponding waste forms or states were modeled, and the corresponding risk calculated. Since these wastes were already released, the "probability of release or exposure" aspect of the risk calculation is the same (i.e., probability of release or exposure is "1.0"), and therefore the risk measure also represents the relative hazards. The liquid waste state was modeled as a pond containing the same amount of the contaminant as the soil site. Again, the contaminant is modeled as already released, so the corresponding calculated risk can be used to assess changes in hazard.
These calculations, performed for each site of interest, result in the following factors that are subsequently used in HC calculation: GF = risk associated with unit of contaminant in cemented/grouted waste risk associated with unit of contaminant in soil waste VF = risk associated with unit of contaminant in vitrified waste risk associated with unit of contaminant in soil waste SF = risk associated with unit of contaminant in liquid waste risk associated with unit of contaminant in soil waste
Hazard Reduction Measures
HCs were estimated for a variety of waste treatment or environmental restoration activities involving the waste form changes described above. In addition, the following similar factors were defined or estimated (also using the RAAS methodology) for other actions typically occurring as part of waste treatment and environmental restoration: The first two of these (FMR and FCR) relate to actions that change the inventory or contaminant. In general, the hazard associated with a contaminant is in proportion to its inventory. If waste is removed from a contaminated site for treatment, the fraction remaining (1-FMR) retains its initial hazard level, while the fraction removed (FMR) may have a different hazard level depending on how it is treated and subsequently disposed of). Note that this formulation assumes that contaminant removed is proportional to medium removed. If this is not the case, then the fraction of the contaminant remaining should be used rather than the fraction of the medium remaining. Similarly, FCR is used to assess the change in hazard associated with in situ or ex situ treatment that separates or destroys the contaminant, thereby changing the contaminant inventory and corresponding hazard. These two factors (FMR and FCR) are provided to allow the user to make adjustments for inventory reductions within the HC factor; however, these inventory adjustments can also be made by directly adjusting the respective Q values of the RH equation.
It is left to the user's discretion to decide where best to account for inventory changes associated with specific risk/hazard management actions, but care should be taken not to double count the inventory reductions. Table 2 .6 defines the HC for a variety of potential waste management or environmental restoration actions, in terms of the various hazard reduction factors previously defined.
Contaminant Categories
Ideally, the various factors defined above could be calculated for every contaminant of concern and then used as appropriate to estimate HCs for waste management or environmental restoration actions of interest. The RAAS methodology contains the necessary physical, chemical, and health effect data for over 400 organic, inorganic, and radioactive contaminants of potential concern. However, performing such comprehensive calculations is time consuming, and probably not warranted in terms of the incremental insight provided. Rather, representative contaminants can be selected and used as surrogates for specific contaminants. As discussed previously, the key contaminant-specific differences of concern relate to the chemical or radiological nature of the contaminant and its mobility.
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Safe Store to Allow Decay to Offsite Thermal Stabilization E-12 E-1 to E-3 1 to E-2 E-12 1 to E-1 1 M acroencapsulation 1 1 to E-2 1 to E-2 1 1 to E-1 1 Amalgamation (e.g., Hg) E-1 to E-3 E-1 to E-3 E-1 to E- Note: Do not consider these estimated HC values as "hard and fast" values, feel free to adjust as appropriate. This table is only meant to provide guidance on estimating HC factors. Best scientific judgment should be considered when assigning HC values. For example, consider the degree and thoroughness of the control application. In the case of increasing transport time to receptor, consider the distance and conditions of normal transport when picking an HC value to represent moving a source away from the receptor(s). Maintaining consistency in assigning HC values is very important. Note: Table assumes appropriate application of the technology being considered. Note: For log scaling purposes set zero to equal E-12 (i.e., 1x10 -12 ). E-9 E-9 E-9 E-9 E-9 E-9 Liquid to Solid Stabilization (solidification) E-9 E-9 E-9 E-9 E-9 E-9 Chemically Immobilize E-1 E-1 to E-3 E-1 to E-3 E-1 to E-3 E-1 to E3 E-1 to E-3 E-1 to E-3 Pu Stabilization E-6 E-6 E-6 E-6 E-6 E-6 Packaging W / Geologic Disposal E-12 E-12 E-12 E-12 E-12 E-12
Packaging W / W IPP Disposal (Offsite) E-12 E-12 E-12 E-12 E-12 E-12 Incineration E-12 1 1 E-12 1 1 Equipment/Facility/Area D&D Disposal RCRA Facility Offsite E-12 E-12 E-12 E-12 E-12 E-12 Note: Do not consider these estimated HC values as "hard and fast" values, feel free to adjust as appropriate. This table is only meant to provide guidance on estimating HC factors. Best scientific judgment should be considered when assigning HC values. For example, consider the degree and thoroughness of the control application. In the case of increasing transport time to receptor, consider the distance and conditions of normal transport when picking an HC value to represent moving a source away from the receptor(s). Maintaining consistency in assigning HC values is very important. Note: Table assumes appropriate application of the technology being considered. Note: For log scaling purposes set zero to equal E-12(i.e., 1x10 -12 ). 
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H Note: Do not consider these estimated HC values as "hard and fast" values, feel free to adjust as appropriate. This table is only meant to provide guidance on estimating HC factors. Best scientific judgment should be considered when assigning HC values. For example, consider the degree and thoroughness of the control application. In the case of increasing transport time to receptor, consider the distance and conditions of normal transport when picking an HC value to represent moving a source away from the receptor(s). Maintaining consistency in assigning HC values is very important. Note: Table assumes appropriate application of the technology being considered. Note: For log scaling purposes set zero to equal E-12 (i.e., 1x10 -12 ).
Risk Measure Calculation
The relative hazard factor tracks the change in hazard over time. Another important consideration is the change in risk for the facility. As mentioned previously, the relative risk is related to the relative hazard by the frequency of a release event for the facility. A risk measure (RM) can be calculated in a manner similar to the relative hazard factor by addition of the hazard likelihood (HL) to the relative hazard equation. The hazard likelihood is represented as the expected frequency of the event that results in release of a contaminant to the environment.
The original equation for evaluating RM at a specific time (year end) was as follows: HL cct = likelihood that a release will occur for the controlling constituents at time t (i.e., time when specified mitigation, cleanup, or risk management action is completed)
Q cct = quantity of the controlling constituents (radionuclides, in curies and hazardous chemicals, in kilograms) at time t (i.e., time when specified risk management action is completed) Q cct0 = quantity of the controlling constituents (radionuclides, in curies and hazardous chemicals, in kilograms) at time t0 (i.e., the original baseline or starting time)
RF cct = fraction of the controlling constituent quantity that is releasable to the controlling pathway at time t RF cct0 = fraction of the controlling constituent quantity that is releasable to the controlling pathway at time t0 HM cct = hazard measure factor for controlling constituent and controlling pathway at time t (hazard measure factors from look-up tables) HM cct0 = hazard measure factor for controlling constituent and controlling pathway at time t0 (hazard measure factors from look-up tables) HC cct = hazard control factor for risk management control action specific at time t (hazard control factors may be estimated from site risk data or approximated using supplied look-up tables) HC cct0 = hazard control factor for risk management control action specific at time t0 (hazard control factors may be estimated from site risk data or approximated using supplied look-up tables) n = number of controlling constituents.
The original equation was written with time as a general parameter. The original approach necessitated implementation to be limited to 1-year time periods so results could only be presented on an annual basis, which was fine for the original hazard and risk profile purposes. However, expanded management applications of the methodology necessitates accounting for specific material-state time periods. Thus, the RM equation was modified to explicitly represent each material state involved in each year of the analysis. An additional parameter was added to the numerator of the equation to account for the fraction of a year that the material is in each state. If the assumption is made in an application that the initial condition involves only storage of material in the initial state, for example, then the time factors will simply be unity.
The original equation was based on the hazardous material being represented as an analyte (e.g. 239 Pu). The revised equation is based on material states with the analyte as a sub-component of the material. The revised RM (and RH) equation includes the following parameterizations:
Material state: all material states involved in the current year are analyzed. The fraction of the year that a material is in each state must be defined. where HL cmt = likelihood that a release will occur for the controlling constituent c for material state m, at time t Q cmt = quantity of the controlling constituent (radionuclides, in curies and hazardous chemicals, in kilograms) for material state m, at time t (i.e., time when specified risk management action is completed) Q cmt0 = quantity of the controlling constituent (radionuclides, in curiesand hazardous chemicals, in kilograms) in material state m, at time t0 (i.e., the original baseline or starting time)
F mt = fraction of time that the material is in state m during time t F m0 = fraction of time that the material is in state m at the initial time.
RF cmt = fraction of controlling constituent quantity in material state m, that is releasable to the controlling pathway at time t RF cmt0 = fraction of the controlling constituent quantity in material state m, that is releasable to the controlling pathway at time t0 HM c = hazard measure factor for controlling constituent and controlling pathway at time t (hazard measure factors from look-up tables) HM ct0 = hazard measure factor for controlling constituent and controlling pathway at time t0 (hazard measure factors from look-up tables)
In the revised equation, the new summation is over material states. For the base case (time zero), only those states that are initially present (e.g., storage states) are included in the analysis because the time factors, F m0 , for other states are zero. The initial time factors for the included states, F m0 , are assigned a value of 1.0. Another change has been to add dependence on material state to the HC parameters because the location of the material can influence the HC factor.
Implementation changes
Implementation of the original RH and RM equations involved reading PROCESS keywords defining actions taken that change the state of materials. The initial and final states were defined, and then the fraction of the initial state that changed was given, followed by the duration over which the change occurs. The assumption was made that the change occurred uniformly over the time period. The times were in multiples of 1 year. This representation was updated to account for processing to occur within one year, so that the final state (e.g., a second storage state) and all intermediate processing states are included in the analysis during the current year.
The following is an example of the kinds of one year of disposition activity that involves processing. The RM associated with the processing operation (material state 2 in the above example) would be assigned to the entire time period out of storage. This should be a reasonable assumption because materials are usually kept in storage when not being processed.
Initial material states are required for evaluation of the denominator in the RM equation. No processing is involved in the initial material states. In the RHRM code, processing is represented using the PROCESS keyword records read from the processing keyword file. Each PROCESS keyword record defines an initial and final state, the time period of processing, and the fraction of the initial material that is processed during the time period. The final state represents the material state while being processed. A subsequent PROECSS keyword record is required to move the material from the processing state to the next material storage state. This representation has resulted in the need to do significant prior analyses to determine the correct representation and processing fractions for each PROCESS keyword record. The goal of the current revision is to develop a simpler method to represent the changes in material state with time so prior analyses are not necessary.
Relation of RHRM code parameters to the RM equation
The quantity of an analyte in a material state at time t (Q cmt ) is represented as the product of the amount of material present in the material state in time period t (1 calendar year) and the concentration of the analyte in the material, with correction for decay as necessary. The relative hazard considers this quantity of material and the time (F mt ) it is within each state during the year. The product of Q cmt and F mt is the basis for determining the relative hazard during period t for material m and analyte c, as indicated in the above example.
The amount of material present in the material state is not explicitly represented in the RM equation, but must be determined in the RHRM code implementation of the equation. This is the basis for the change in RM with time. The initial material present (time zero) is provided in the SCOPE keyword records.
Revised Processing Algorithm
A revised processing algorithm was developed for the RHRM code to better represent the time change of material in each material state. This was necessary to implement the change in the RM equation described above where the time fraction parameter, F mt , has been added to the analysis.
Most of these terms (other than the hazard likelihood) are defined and evaluated the same as for the RH evaluation described in Section 2. These terms are not addressed in this section. Note that the hazard likelihood (HL) is only added to the numerator of the relative hazard equation. This allows the risk measure to be compared to the relative hazard values and plotted as a function of time.
Hazard Likelihood Factor
The hazard likelihood (HL) factor is related to the frequency of an event that results in release of material or otherwise results in impacts to the public or workers. Guidance is given in this section on evaluation of the event frequencies.
The HL factor represents the likelihood (or frequency) that a release will occur for a controlling event and for the controlling constituent. This factor can be thought of as the probability or frequency of a specific accident that results in a release. The frequency is usually expressed on an annual basis (e.g., events/year). The frequency is defined for the event that is most likely to release the controlling constituent in the largest amount. When there are multiple events postulated that release the controlling constituent, the analysis may need to include more that one event. In cases where actions are defined to reduce the RM, the analyst should be aware of alternate events that may become dominant when the initially dominant event is mitigated by protective actions that do not mitigate the alternative event frequencies.
The assignment of accident frequencies must be based on knowledge of the facility and processes. This may include the use of knowledgeable staff in assigning frequencies, or reliance on safety analysis reports or other similar reports for the facility. The risk assessment handbook for Rocky Flats safety analysis (RFETS 1997) describes a method for performing safety analysis for nuclear facilities at Rocky Flats. The handbook describes a methodological approach to assess the potential hazards for a facility and prepare necessary documentation of the risks. The method relies on use of staff familiar with the facility and processes. The Rocky Flats handbook provides a table of frequency bin designations for use in accident analyses. These designations are listed in Table 3 .1 with suggested midrange values. In the past few years, the DOE has investigated the state of the DOE complex holdings of spent fuel, chemicals, plutonium, and highly-enriched uranium in an attempt to identify materials and conditions that pose a threat to health and safety for workers or the public. The plutonium vulnerability study (DOE 1994 ) and the highly-enriched uranium vulnerability study (DOE 1996) both employed a simplified consequence analysis method to estimate the potential for adverse health impacts. This analysis method was applied to each vulnerability identified for each DOE site and facility included in the study.
Vulnerabilities were classified according to type, likelihood, and consequences. The vulnerability type classification was either material packaging (MP), facility condition (FC), or institutional (IV). These classifications are intended to indicate the primary cause for the vulnerability. Material packaging classification is used for vulnerabilities that involve susceptibility of materials and packaging to degradation from design deficiencies, corrosion, radiolytic damage, or changes in chemical form. Facility condition classification is used for vulnerabilities involving potential for failure of physical barriers such as equipment, building, or safety systems, and the hold-up of plutonium or uranium in a facility (e.g. ductwork). Institutional vulnerabilities involve administrative or management weaknesses that are underlying causes of or significant contributors to, material/packaging and facility condition vulnerabilities. The likelihood categories employed in each of these studies are indicated in Table 3 .2. The very low category was typically applied to events resulting from natural phenomena (e.g., seismic events) and is consistent with the incredible to unlikely categories given in Table 3 .1. The low and medium categories are within the expected or anticipated categories. The high approaches the normal operations range. The vulnerability studies were primarily interested in the problems most likely to occur and cause health or environmental impacts.
The vulnerability summary tables for these studies have been reviewed and the vulnerabilities have been grouped by cause, event, and likelihood in Table 3 .3 and 3.4 for the plutonium and highly-enriched uranium studies, respectively. The tables include most vulnerabilities, but exclude the institutional vulnerabilities which were not assigned frequency categories by the vulnerability studies.
A few generalizations can be made from the information in these tables. Events resulting from human error are in the "expected or anticipated" frequency category. Poor packaging of plutonium or uranium is likely to result in "expected or anticipated" frequency category events. Seismic events are related to the "unlikely" category. Events involving contamination (rooms, ducts, equipment, etc.) are in the "expected or anticipated" frequency category. 
Reductions in Hazard Likelihood Factor
Actions taken to reduce the risk from an identified deficiency may result in a reduction in the likelihood of a controlling event. This section provides guidance on evaluating the reduction for representative events.
The reduction in likelihood is very situation specific and should be based on knowledge of the materials, conditions, and the facility in question. The reduction in likelihood should be based on the change in conditions affecting the event that is the cause of the potential release. Suggested ranges for likelihood reductions are presented in Table 3 .5 for common initiating events or conditions that may contribute to an accident. 
RHRM Methodology Use and Application
The RHRM methodology is designed to serve as a risk-based environmental management decision tool. Environmental management decisions involve the balancing of costs, schedules, regulatory requirements, and health hazards and risks. The RHRM tools provide the environmental manager the opportunity to predict and track controlling health hazards and risks over time as these hazards and risks change with the performance of mitigation and cleanup actions. These hazards and risks are associated with the technical baseline (i.e., the planned mitigation and cleanup actions). The RHRM tool also provides the environmental manager with the opportunity to explore "what if" scenarios to examine the impact on health hazards and risks for alternative mitigation and cleanup actions (i.e., alternative to the baseline actions).
The output from the RHRM code is designed to produce graphs that enable the environmental manager to easily compare the change in controlling hazards and risks over time with their cost, schedule, and programmatic risk change over time.
In using the RH and RM equations to estimate RH and RM ratios and produce relative hazard and risk reduction graphs, one should always apply the test of "technical feasibility and reasonableness" to each factor of the equation and to the final resulting RH and RM value generated over the course of the projected mitigation, cleanup, or risk management actions. In most cases, it will be helpful to either mentally or physically sketch out an intuitive RH and RM graph considering all the risk management actions being considered. Then, once the RH and RM calculations are made, a comparison of the resulting graph with the intuitive graph can be made to test the reasonableness of the results. Any significant discrepancies should be examined closely by looking at the individual parameters and the logic behind them. Such a process will add credibility to situations where unexpected hazard and risk outcomes are discovered through use of the RHRM tool.
The general steps of developing an RH and RM profile include the following (the user interface designed into the RHRM code will lead you through these steps):
• Using site specific current risk/hazard and future risk/hazard management knowledge, action plans, and assessments, determine the controlling constituents, quantities (considering total amounts and releasable fractions of controlling constituents), controlling pathways, and risk management actions pertinent to the waste type being evaluated.
• Assign site specific values for the base case and each risk/hazard management action case to the parameters of the RH and RM equation using data from site specific risk assessments, site specific safety analysis documents, values from look-up tables, and general knowledge of the site in question.
-Assign quantity and release fraction values for the controlling constituents; if all of the quantity is releasable to the controlling pathway(s), the respective release fraction values would be assigned a 1.
-Assign hazard measure values (specific for the controlling constituent and pathway), using the HM look-up tables provided. As the overall risk management approach is examined, consider the logic flow where a specific risk/hazard management activity may cause a change from one pathway to another or a change in the status of the controlling constituent (e.g., a separations and disposal process where the initial controlling constituent is either changed or eliminated, resulting in a different controlling constituent) -Assign hazard control values (specific for each risk/hazard management activity). In many cases, the hazard control is simply related to the reduction in the volume (i.e., amount of controlling constituents) of the hazardous material in question. In these cases, simply assign the HC value a 1 and adjust the respective quantity values over time to reflect the reduction or use the FMR or FCR factors, as applicable to generate an HC value to account for the volume change. The HC values are intended to reflect significant impact changes in the waste material or its setting (e.g., vitrification of the same amount of waste to change its form, repackaging leaking hazardous material, moving hazardous material away from a vulnerable exposure setting). In some cases, there will be both reduction in volume and changes in the waste material or setting, so a representative HC value should be used along with a reduction in the respective quantity values (or the appropriate FMR and/or FCR factors of the HC used to account for the volume change). If risk assessment results are available for the general activity or a related activity at the site, use the results of the risk assessment to estimate the order of magnitude worth of the activity. If no pertinent risk assessment results or equivalent data are available, general HC values are provided in look-up tables to help the user estimate the worth of a specific activity. Use the HC values in combinations with the releasable quantity values and HM parameters to as closely as possible represent the logic flow of all the mitigation, cleanup, or risk management activities at the site.
• The RHRM interface code will assemble all of these RH and RM factor values into an input file for the RHRM code to run. For QA purposes, it would be prudent to document all specific references and assumptions used to generate the input factors. It is suggested that such information be generated in a separate word processor file as the information is being extracted from such references.
• The RHRM code will then calculate the RH and RM values, considering the general flow of mitigation, cleanup, and risk mitigation activities that occur over time. As mentioned, it would be helpful to either mentally or physically sketch out an intuitive graph of the activities over time. These sketches will prove invaluable in selecting the best RH and RM input factors and assure the results are logically reasonable.
• Assign "best estimate" relative time (RT) values based on the general understanding of time associated with the completion of each risk/hazard management activity.
Following an RHRM code run, the system will produce individual waste type RH and RM versus RT (time) plots. These are the RH and RM output profiles, which can be compared with cost, schedule, and programmatic risk versus time plots.
